Many animals use camoufl age to avoid detection by predators. Camoufl age can take several forms, one of which includes brightness matching, a form of crypsis, which occurs when an individual resembles the brightness of their surrounding habitat. Most animals have evolved skin patterning that is fi xed and specifi c to their environment, typically limiting their camoufl age abilities to a particular habitat [1] . By contrast, crypsis in cuttlefi sh is dynamic because they can change their body patterns rapidly (270-730 milliseconds) in response to the visual environment through neural control of pigmented organs known as chromatophores [2, 3] . Cuttlefi sh respond to confl icting visual cues, that is, to different visual information on their left and right sides, with mixed body patterns [4] . This response may be modulated by perceptual asymmetries in visual processing, since cuttlefi sh exhibit biases when processing visual information, termed visual lateralization [5] . Visual lateralization occurs when information in one visual fi eld is prioritized over the other visual fi eld during a specifi c behavior, but this phenomenon and its potential effect on camoufl age behavior have never before been investigated. We report here that juvenile cuttlefi sh have a right eye preference for brightness matching, as the substrate perceived in their right visual fi eld was prioritized.
Cuttlefi sh have laterally placed eyes with an approximate vision fi eld of 177° for each eye [6] . They use binocular vision for fi xation and prey capture but have been shown to favor monocular vision during specifi c ecological activities [5, 7] . To test whether they prioritize visual information perceived in their left or right visual fi eld during brightness matching, we presented juvenile Sepia offi cinalis (N = 29, henceforth cuttlefi sh) with different substrates. We used four different artifi cial substrates, two uniform substrates (light gray, LL; and dark gray, DD) and two split substrates (dark gray on the left side and light gray on the right side, DL; and vice versa, LD) ( Figure 1A ; see also Supplemental Information). Lateralization in cuttlefi sh appears to be agedependent since hatchlings progressively develop stronger biases after hatching (45 days post-hatching) [8] . Therefore, we tested cuttlefi sh in different age groups (hatching, one-month and two-months) using teardrop-shaped arenas (Table S1 ).
After two days of familiarization to the apparatus, cuttlefi sh were tested with uniform substrates on days 3 and 4, and split substrates on days 5 and 6 ( Figure 1A ). Individuals were assigned a random sequence of uniform and split substrates to control for order effects. Testing began when the cuttlefi sh had settled with the posterior end of its mantle in the point of the teardrop ( Figure 1B ). After the cuttlefi sh settled, digital photographs were taken using a Nikon Coolpix 5400 camera ( Figure S1 ).
We analyzed the photographs using ImageJ software, which measures the mean gray level (GL) of a pre-selected area. The left and right sides of the mantle were individually selected and the GL values of the enclosed regions were measured. There was no signifi cant difference between the left/right sides of the body (p = 0.596) and thus we pooled the data. The GL value represented the brightness of the animal; positive values indicate brightening and values approaching 0 indicate darkening. Data were calibrated for auto exposure using a standardized gray reference square placed adjacent to the arena (see Supplemental Information for details).
Mantle brightness in cuttlefi sh signifi cantly differed in response to the different substrates; however, we found no signifi cant age effects (substrate, p < 0.001; age, p = 0.24; interaction, p = 0.70; two-factor non-parametric analysis; Figure 1C ). FDR-adjusted pairwise comparisons revealed that cuttlefi sh were signifi cantly lighter when they were exposed to the light gray substrate than when they were exposed to the dark gray or split substrates (T = 6, p < 0.01 for all comparisons). Cuttlefi sh were signifi cantly darker when exposed to the dark gray substrate than when they were exposed to the split substrates (T = 6, p < 0.01 for all comparisons; Figure 1C) . Moreover,
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R926 Current Biology 28, R909-R930, September 10, 2018 cuttlefi sh were signifi cantly lighter when the light gray substrate was on the right side of the arena compared to when it was on the left side of the arena (T = 6, DL/LD, p < 0.01; Figure 1B,C) .
To determine the direction of eye preference for brightness matching, we converted GL values for each individual to a laterality index (LI). LI values determined whether individuals displayed a brightness value that was weighted by the substrate in the left or right visual fi eld. Negative values indicate a left visual bias and positive values indicate a right visual bias. The LI for brightness matching was not signifi cantly different between age groups (p = 0.80; one-way permutation analysis). The right eye bias was signifi cant at the population level (hatchlings, p < 0.05; one-month-old, p < 0.05; two-month-old, p < 0.01; one-sample permutation tests; Figures 1D and S2) .
Although crypsis is defi ned as an anti-predatory behavior it is not a behavior that is commonly observed during emergency responses. Rather, cuttlefi sh, like many other cephalopods, perform camoufl age patterns routinely in the absence of any potential predators or threats. Our results suggest that brightness matching in cuttlefi sh is modulated by both visual fi elds. However, when presented with different substrates, cuttlefi sh used information in their right visual fi eld to adjust their camoufl age pattern. This fi nding supports previous research that suggests that cuttlefi sh predominately use their right visual fi eld to attend to routine behaviors [5] .
Lateralization is thought to have evolved so that animals can process different types of information through separate parts of the brain [9] . It is not clear, however, how prioritizing visual information on one side of the body over the other during crypsis is advantageous. We speculate that the adaptive function of this seemingly counter-intuitive visual bias may be a by-product of the selection of asymmetric visual processing between the left and right sides of the brain involved in emergency responses. Cuttlefi sh have been shown to predominately use their left visual fi eld during active scanning for predators [5] ; thus, it could be that the right eye and the associated neural structures take charge of camoufl age, leaving the left eye and associated neural structures the task of monitoring and scrutinizing potential predators.
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